Biochemical properties are considered to be the best indicators available at present for 17 assessing soil quality. However, there are still many gaps in our knowledge about how 18 these properties are affected by abiotic factors and how these factors interact with soil 19 management. With the aim of understanding how climate and soil management affect 20 soil biochemical properties in grasslands soils from a temperate-humid area (Galicia, 21 NW Spain), a total of 60 soils were analyzed for several microbial and biochemical 22
Introduction 38
Most soil scientists regard biochemical properties (principally oxidoreductases, different 39 hydrolytic enzymatic activities related to the cycles of C, N, P and S, and other 40 parameters, such as microbial biomass, soil N mineralization and respiration) as good 41 environmental indicators of soil quality. This is because microbial activities and 42 enzymatic activities are more sensitive to changes in soil quality than physical and 43 chemical properties and can be easily and quickly quantified [35] . 44 The use of soil biochemical properties as indicators of soil quality has been limited 45 by the difficulty in interpreting the values obtained as both, soil management and 46 abiotic factors influence these values. Moreover, the response of soil microorganisms to 47 organic and inorganic amendments is often studied short term after addition of a single 48 dose to the soil [26] , but less is known about their response in the field, after a 49 significant number of years. Field studies have assessed soil biochemical properties in 50 temperate areas by focusing on the effect of soil management in agricultural [2] and 51 grassland soils [24] . These studies generally show that intensive managed systems 52 suffer a decline in their biochemical activity and that this decline is related to a loss in 53 organic matter. 54
Nevertheless, the contribution of specific enzymes to the overall enzyme activity 55 depends on their arrangement with respect to various soil biotic and abiotic components 56
[23]. Enzymatic activity depends in part on intracellular enzymes, which relies on soil 57 microorganisms and thus, is affected by climate and management, and in part on the 58 activity of extracellular enzymes immobilised by mineral colloids, which may not be as 59 sensitive to environmental factors as microbial activity [23] and be dependent on soil 60 management. Thus, it is difficult to evaluate the contribution of both activities, 61 extracellular and intracellular, to overall soil enzymatic activity and how much of the 62 biochemical activity responds to management or climatic factors. It is generally 63 accepted that climate is one of the factors that has the greatest effect on soil biochemical 64
properties [14, 29, 36] . Some authors even report that climatic factors and not 65 management determine the size and activity of microbial biomass in grassland soils 66 [39] . On the other hand, other authors report weak correlations between mean annual 67 temperature or mean annual precipitation and soil biochemical properties [31] . As an 68 example of this lack of consensus, in a review of worldwide papers about the effect of 69 climate on soil C-biomass, Wardle [37] found that C-biomass was reported to increase, 70 decrease or not be affected by temperature. It is noteworthy that, to date, most of the 71 studies about biochemical properties have focussed in studying the effect of 72 management, while ignoring the effect of climate or the interaction between 73 management and climate. To deepen more into knowing the dependence on climate and 74 management of soil biochemical properties, we studied the effect of both, climate and 75 management, on some biochemical properties of grassland soils from Galicia, NW 76
Spain. Criteria for choosing enzyme assays were based on their importance in nutrient 77 cycling and organic matter decomposition and the simplicity of the assay. 78
We hypothesized that soil under different management practices and climatic conditions 79 would have effects on soil properties over a long period of time. Consequently, different 80 enzyme activities were expected. It has been reported in many studies (for example 81 Sariyildiz et al., 2005 [28] ) that altitude can have strong influence on microclimate 82 conditions (especially temperature and rainfall). Therefore, we also studied the effect of 83 altitude on soil biochemical properties in the present study. This would allow scientist 84 to select soil biochemical properties that do not depend on climatic parameters, instead 85 responding to management, to measure soil quality. 86 87
Material and methods 88

Description of the study site 89
Galicia is a region located in the European temperate-humid zone (41º53´-43º40´ N 90 and 7º03´-8º53´ W), where the mean annual precipitation ranges from 600 to 2600 mm, 91 depending on the location, and the mean annual temperature varies from 6 to 15º C [7] . 92
Grasslands cover approximately 12.5% of Galicia and traditionally managed native 93 grasslands (with low grazing pressure, scarce or no use of mineral or organic 94 amendments where the vegetation is adapted to the low fertility of Galician soils) 95 coexist with intensively managed grasslands (high grazing pressure and intensive use of 96 amendments) areas. According to Carballeira et al. [7] , Galicia can be divided into four 97 phytoclimatic areas, although two of them account for the majority of the territory (see 98 Figure 1 ) and thus, will be subject to study in this paper. Figure 2 shows a characteristic 99 climatogram for each these two climatic areas that account for most of the territory. 100
Firstly, Mediterranean subhumid with centroeuropean drift climate is characterized by 101 an average temperature in the coldest month of the year lower than 6 ºC and mean 102 annual rainfall higher than 650 mm. This type of climate corresponds to most of the 103 inner Galician region. Secondly, Atlantic climate has an average temperature in the 104 coldest month higher than 6 ºC and a mean annual rainfall higher than 650 mm. It 105 covers most of the littoral of Galicia. The temperature changes are milder and the 106 precipitation is higher in the Atlantic area than in the Mediterranean subhumid with 107 centroeuropean drift (from now on Mediterranean subhumid) climatic area. In the 108
Mediterranean subhumid climate area of Galicia altitude ranges from 300 to 2100 109 m.a.s.l., while altitude ranges from 0 to 600 m.a.s.l. in the Atlantic climatic area. 110
Obviously, altitude and climatic parameters are correlated in Galicia. Mean annual 111 temperature decreases 0.5 °C for each 100 m increase in altitude [8, 19] . On the other 112 hand, along some transects there is a correlation between mean annual rainfall and 113 altitude [8, 19] , although the correlation does not go on for the whole area considered, 114 as in the case of temperature. In the interior of Galicia (Mediterranean subhumid), 115 annual rainfall usually increases with altitude, while, in the coastal areas (Atlantic area), 116 rainfall increases with the proximity to the sea, as Galicia is swept by rainy fronts 117 coming in from the Atlantic. (analysis of covariance) was performed using management and climate as factors and 221 altitude as a covariable. Variables were log-transformed when it was required to meet 222 requirements of ANOVA (normality and heteroscedasticity of errors). 223 224
Results 225
The mean values and standard deviations of physical and chemical soil properties in the 226 different samples considered in the present study are shown in Table 1 . The levels of 227 organic matter were significantly lower (P<0.05 for total carbon and P<0.01 for total 228 nitrogen) in the intensively managed soils from the Mediterranean subhumid area than 229 in the native grassland soils located in the same area (see Table 1 ). In the case of the 230 Atlantic area, differences in organic matter content for intensive and native grasslands 231
were not statistically significant (see Table 1 ). In both climatic areas, the concentrations 232 of available P were higher in the intensively managed grasslands than in the native 233 grasslands. For both, organic matter and available P, the mean values showed no 234 statistically significant difference when areas under the same management but different 235 climate were considered. and BAA-protease were particularly high (P<0.001). Thus, altitude was used in the 262 ANCOVA analysis as a covariable, as it has showed more influence on soil biochemical 263 properties than mean annual rainfall or mean annual temperature (see Table 4 ). 264
The results of the ANCOVA showed that biochemical properties were affected by 265 management (Table 5, Table 6 ). As an exception, we have found that soil management 266 did not affect labile carbon or N mineralization (Table 5) . On the other hand, most of 267 the hydrolytic enzymes studied were also affected by management (Table 6) . 268
Specifically, all of the enzymatic activities studied related to the P (phosphodiesterase 269 and phosphomonoesterase activities) and S cycles (arylsulphatase activities) were 270 highly affected by management (P<0.01), with lower values in managed compared to 271 native grasslands. Some enzymes involved in the C cycle (invertase, -glucosidase) and 272 N cycle (BAA-protease, urease) were also affected by management (P<0.05). Net N 273 mineralization, and CM-cellulase, casein-protease, phosphomonoesterase and 274 arylsulphatase activities were significantly affected by climate (see Tables 5 and 6) , 275 being higher in the Atlantic than in the Mediterranean subhumid area. Altitude affected 276 all biochemical properties but labile C. On the other hand, no interaction was found 277 between management and climate for any of the biochemical properties studied. 278 279
Discussion 280
Some biochemical properties were affected by climate, although, overall, climate had 281 less influence on soil biochemical properties than management. Differences due to 282 management in grassland soils have been discussed at length [9,10,25] and attributed 283 them to a range of factors such as changes in substrate availability and root growth, 284 microbial competition and community structure and the build up of recalcitrant 285 compounds in fertilized soils. Overall these differences were probably driven by 286 changes in organic matter content among soils under different management systems 287 [25] . 288
Nitrogen mineralization, and casein-protease, phosphomonoesterase and 289 arylsulphatase activities were lower in soils from the Mediterranean subhumid area than 290 in those from the Atlantic area (P<0.05) reflecting that these enzymes could be 291 particularly sensitive to different soil climate. As one of the main differences among 292 both climatic areas is water availability (being the other one temperature) it is 293 reasonable to suppose that the differences in N mineralization, and casein-protease, 294 phosphomonoesterase and arylsulphatase activities between both types of soils could be 295 due to soil water content, as differences in temperature would not explain a lower 296 microbial activity in the warmer area (Mediterranean subhumid area). In fact, soil water 297 content is known to limit the biological processes in soils [14, 16] . In fact, other studies 298 [1] have shown that drying reduces the total microbial abundance and also suppress the 299 relative activity of certain groups of fungi, leading to a decrease in enzymatic activities 300 and soil respiration. This decrease could account for the lower soil biochemical values 301 measured in soils under drier conditions. 302
Although the relation among climatic parameters (precipitation and temperature) and 303 soil biochemical properties was only significant in a few occasions, it is noteworthy that 304 altitude was more closely related to soil biochemical properties than climatic 305 parameters. It is accepted that topography, and in particular altitude, influences local 306 microclimates in the ecosystem by changing the pattern of precipitation, temperature 307 and relative humidity [38] . About the effect of altitude on soil biochemical properties, 308
we should stress that in the present study we considered areas located within a wide can take account for some part of the variability on soil biochemical properties, due to 321 abiotic factors, is, in our opinion, due to four reasons. Firstly, as stated before, the 322 altitude in the study area is a good indication of the climatic condition, as, in Galicia, is 323 related to both, temperature and precipitation. Secondly, we know exactly the altitude 324 on the study sites, while it was sometimes difficult to find a meteorological station in 325 the proximity of the studied soils. Thirdly, altitude is invariable, while precipitation and 326 temperature are modified both, through the year and across different years, making 327 difficult to decide how variability in soil microbial properties should be attributed to 328 short or long term changes in climatic parameters. Finally, altitude was significantly 329 different in both climatic areas (P<0.001). 330
In spite of its obvious influence on climatic parameters, altitude appears to have been 331 overlooked in most of these types of studies, and we only know of few papers [17, 18, 332 20] in which the effect of altitude on soil biochemical properties was investigated. altitudes (from 1000 to 3000 m.a.s.l.) than Margesin et al. [18] . At low altitudes, 339 biological processes appear to be determined by summer drought [20] , whereas at high 340 altitudes, they are limited during most of the year by low temperature. This combination 341 of factors increases soil biochemical properties in areas situated at a moderate altitude. 342
In spite of being in a different climatic region our results could be explained in the same 343 way as [20] , as in our study we have a range of altitude from 10 to 950 m.a.s.l. The 344 mean annual soil temperature is higher at low altitudes, while precipitation is lower at 345 low altitudes which may lead to a decrease of the biochemical properties of soils located 346 in such areas, because of drought. In contrast, soils located at higher altitudes although 347 subjected to lower temperatures would receive higher levels of precipitation, which 348 would favour soil biochemical properties. However, we did not find any effect of 349 rainfall on soil biochemical activity and only few of the biochemical properties were 350 affected by the temperature of the site. This suggests that the effect of altitude on soil 351 biochemical properties could be caused by an interaction between precipitation and 352 temperature or by other factors, such as changes in substrate composition or availability. 353
In our study and for the range of altitudes considered, we observed that the level of 354 biochemical activity increased with altitude. Nevertheless, we hypothesize that if a 355 range including higher altitudes were considered (taking samples above 1000 m.a.s.l.) 356 we would observe that, from a certain altitude, a decrease in the level of soil 357 biochemical properties would be produced. This decrease would be caused by 358 temperature limitation. 359
On the whole, it is important to notice that some biochemical properties were not 360 affected by management but were affected by other factors such as climate, altitude and 361 soil moisture. This was true for respiration and for net N mineralization, cellulase and 362 casein-protease activities. Thus, it is important to have our findings into account if 363 biochemical properties want to be used in soil quality used, as their dependence with 364 climatic factors would interfere with their role as soil quality indicators. It is important 365 to notice that there might be some limitations in our study, as our samplings from each 366 site were taken only once (in one year and one season). Therefore, future investigation 367 should also consider the temporal dynamics of soil biochemical properties. 368 369
Conclusions 370
Our results emphasize the importance of climate when evaluating the modifications in 371 soil microbiological and biochemical status caused by grassland management. Although 372 grassland management was found to play an important role in determining the size and 373 activity of the microbial communities, some biochemical properties (net N 374 mineralization and cellulase and casein-protese activities) did not reflect these changes, 375
and were more sensitive to abiotic factors, such as climate and altitude. 376 
